BSTRACT Background: Preterm infants frequently present eating difficulties in early childhood. Determinants of these difficulties are not known. Objective: We assessed the influence of neonatal and maternal characteristics on eating behaviors at 2 y of age. Design: The following 2 cohorts were compared: 234 preterm children born ,33 wk of gestational age from the POLYmorphisme génétique, Nutrition et Comportement Alimentaire cohort and 245 term children from the Observation des Préférences ALImentaires du Nourrisson et de l'Enfant cohort. Eating behaviors were assessed by using the validated Children's Eating Difficulties Questionnaire, which assesses the following 2 dimensions: a low drive to eat and narrow food repertoire. Each dimension was graded from 2 to 10 with more severe difficulties reflected by a higher score. Children in the upper quintile were classified as having eating disorders. Results: Compared with term children, preterm children had a worse drive-to-eat score (4.3 6 1.6 compared with 3.6 6 1.5, respectively; P = 0.001) and a marginally lower food-repertoire score (5.0 6 1.5 compared with 4.8 6 1.6, respectively; P = 0.05). In a multilevel logistic regression model, female sex [adjusted OR (aOR): 1.76; 95% CI: 1.08, 2.88; P = 0.025] and birth weight less than 21 z score (aOR: 2.88; 95% CI: 1.47, 5.67; P = 0.002) but not gestational age were associated with a worse drive to eat. A maternal level of education beyond high school was associated with lower risk of a poor foodrepertoire score (aOR: 0.54; 95% CI: 0.32, 0.90; P = 0.02). Conclusions: Preterm children have more eating difficulties than term children do, but after adjustment for maternal and neonatal characteristics, gestational age is not associated with impaired eating behaviors at the age of 2 y. Female sex, a low maternal level of education, and less than 21 SD intrauterine growth are associated with eating difficulties at 2 y of age. This trial was registered at clinicaltrials. gov as NCT 00663572.
INTRODUCTION
In addition to a wide range of potential physical and psychosocial difficulties, infants born before term are particularly at risk of developing eating-behavior disorders (1) . Eating behaviors can obviously affect growth and corpulence, and therefore, eating habits acquired in early infancy can have a major health impact (2) .
The pathophysiology of these eating disorders is multifactorial and could originate in the early life history of these infants. Eating behaviors depend on the complex interaction between physiologic parameters such as energy balance regulation and psychological influences related to cultural and educational contexts. Eating behaviors, nutritional habits, and food preferences are set up during fetal life and early childhood under the influence of both a genetic background and environmental factors among which early nutrition and exposure play a major role (3, 4) .
In very-low-birth-weight infants, eating disorders after hospital discharge have been reported with an incidence that ranges from 19% to 80% (5) . Long-term eating difficulties are likely to contribute to an unbalanced dietary intake and failure to thrive and are a source of major practical and emotional problems to families. However, determinants of alterations in eating behaviors at 2 y of age are poorly understood.
The specific aims of the current study were 1) to determine whether eating behaviors and eating habits at 2 y of corrected age differed between children born preterm and full term and, if so, 2) to identify maternal and neonatal factors that predispose individuals to later alterations of eating behaviors at 2 y of age.
SUBJECTS AND METHODS

Data source and patients
Data came from the following 2 cohorts of French children born between September 2005 and July 2009: the POLYmorphisme génétique, NUtrition et Comportement Alimentaire (POLY-NUCA) 5 and Observation des Préférences ALImentaires du Nourrisson et de l'Enfant (OPALINE) cohorts. Children enrolled in the POLYNUCA cohort were preterm infants born ,33 wk gestational age, hospitalized in the Neonatal Intensive Care Unit of Nantes University Hospital, subsequently followed in the regional follow-up network set up to assess their neurodevelopment in Pays-de-la-Loire, which is a region located in Western France. Once babies reached 2 y of corrected age (ie, between 2007 and 2009), mothers were contacted by telephone by a clinical investigator at Nantes University, and if they agreed to participate, a questionnaire was sent via regular mail to their homes; 70% of parents who were contacted consented to participate in the study and returned the filled-in questionnaire. This trial was registered at clinicaltrials.gov as NCT 00663572.
Initial data regarding pregnancy, delivery, medical care of infants, and neonatal nutrition (breastfeeding at discharge) were collected during the hospitalization in maternity and neonatal units. In the OPALINE cohort, mothers were recruited before delivery through a written advertisement in waiting rooms of maternity clinics in Burgundy, which is a region located in Eastern France. Enrollment began in 2005. After maternal voluntary consent to participate in the study was obtained, infants were followed-up by researchers at the Taste and Feeding Sciences Center of Burgundy University for the subsequent 2 y. Mothers filled in the questionnaires when infants reached 2 y of age. For both cohorts, intrauterine growth was assessed by using Olsen's model to define the birth-weight z score (6) . In terms of maternal characteristics, a higher education level was defined as graduation from high school. Written informed consent was obtained from both parents for each infant in both cohorts. Studies received approval from regional research ethics committees (Comité de Protection des Personnes Ouest 1 Tours for the POLYNUCA cohort and Comité de Protection des Personnes Est 1 Bourgogne for the OPALINE cohort). 1 OPALINE, term infants whose mothers were recruited before delivery through a written advertisement in waiting rooms of maternity clinics in Burgundy, which is a region located in Eastern France; POLYNUCA, preterm infants born ,33 wk gestational age, hospitalized in the Neonatal Intensive Care Unit of Nantes University Hospital, subsequently followed in the regional follow-up network set up to assess their neurodevelopment in Pays de-la-Loire, which is a region located in Western France. OPALINE, Observation des Préférences ALImentaires du Nourrisson et de l'Enfant; POLYNUCA, POLYmorphisme génétique, NUtrition et Comportement Alimentaire.
2 POLYNUCA: n = 202; OPALINE: n = 239. 3 POLYNUCA: n = 225; OPALINE: n = 241.
Outcome assessment at 2 y
The Children's Eating Difficulties Questionnaire (7) (Appendix A) assessed 4 basic dimensions as follows: neophobia (eg, my child refuses new foods on merely seeing them), pickiness (eg, my child only eats a small variety of foods), low appetite (eg, my child eats small quantities, even if food is liked), and low food enjoyment (eg, my child does not enjoy eating). Each answer was collected by using a 5-point scale that ranged from very wrong (1 point) to very true for my child (5 points). The 4 basic dimensions were regrouped into 2 main underlying dimensions as follows: 1) a narrow food repertoire that combined neophobia and pickiness and 2) a low drive to eat that combined appetite and food enjoyment. Each item of the basic dimension was rated on a scale from 1 to 5 and then averaged whereby a higher mean score indicated the more the infant presented eating difficulties on that dimension. For the current study, the 2 main underlying dimensions were rated from 2 to 10 by using the sum of appetite and enjoyment scores for the dimension of a low drive to eat and the sum of neophobia and pickiness scores for the dimension of a narrow food repertoire. Scores from each underlying dimension were split into 5 quintiles. Children in the upper quintile for each of the 2 dimensions were defined as having eating disorders.
Frequencies of consumption and food preferences were assessed by using another questionnaire to evaluate dietary intake at 2 y. This questionnaire was filled in by mothers for each food category (fruit, vegetables, fish, meat, prepared dishes, deli meats, sweets, cereals, potatoes, milk, milk products, and cheese). Mothers were asked about their child's frequency of consumption of a food as follows: daily or almost daily (score of 30), 1-3 times/wk (score of 8), 1-3 times/mo (score of 2), ,1 time/mo (score of 1), or never (score of 0). For each food category, scores for individual foods were added up. These scores were expressed as a daily score by dividing the total score of the food category by 30. The variety of consumption within each food category was evaluated by using the ratio between the number of foods consumed in a category and the total number of foods. Scores ranged from 0 to 1 (1 denoted the higher score of variety). Preferences were evaluated for each food on a scale from 1 (my child turns his head away, spits out, closes his mouth, and definitely rejects food at first exposure) to 4 (my child accepts food at first exposure, smiles, eats almost all, and asks for more).
Data were collected at 24 mo of term-corrected age for preterm-born and 24 mo of civil age for term-born children from questionnaires sent to parents by regular mail. This questionnaire 
Associations between birth-weight z scores and the 2 dimensions of eating behavior at 2 y of age. Mean (6SD) drive-to-eat and food-variety scores for each class of birth-weight z score within each cohort are shown. Adjusted P values were calculated by performing a multiple linear regression with adjustment for gestational age, sex, and maternal level of education. P values of the interaction for the term or preterm compared with the birth weight z score were 0.36 and 0.15 in the models concerning the drive-to-eat and food-variety scores, respectively. also collected information regarding the weight and height of the mother before pregnancy and her level of education.
Statistical analysis
Means 6 SDs are reported for continuous variables and frequencies for categorical variables. ANOVA or Student's t test and chi-square or Fisher's exact test if necessary were used to compare the 2 cohorts regarding children's characteristics, maternal data, and eating behaviors at 2 y. Because maternal characteristics are known to be different between term and preterm infants, multilevel, logistic regression models were performed to analyze the role of each risk factor adjusted for other factors. Logistic regression analyses were performed to calculate crude ORs and adjusted ORs (aORs) of risk factors for a low drive to eat or narrow food repertoire defined by being in the upper quintile of the corresponding score. Each logistic regression model included maternal age, maternal BMI, maternal education level, breastfeeding, gestational age, birth-weight z score, and sex. All P values were based on the 2-tailed test. A difference was considered significant at P , 0.05. For food-frequency and -preference data, a significant difference was admitted if the P value was ,0.0045 by using Bonferroni correction. All analyses were performed with the SPSS 15.0 statistical package (SPSS Inc).
RESULTS
A total of 479 children (234 preterm-born and 245 term-born children) were included. For the population of preterm-born children, 1295 children were discharged home alive and eligible, 1217 children were enrolled in the follow-up network, 977 children had a medical examination at 2 y of age, and consent was received for 234 children to be enrolled in the POLYNUCA cohort. For term-born children in the OPALINE cohort, a total of 407 mothers showed interest in participating and were invited to an information meeting, 26 mothers were noneligible, and 18% of mothers refused enrollment. A total of 314 healthy infants were enrolled in the OPALINE cohort. Of these children, 14 infants were born at ,37 wk of gestational age and were not included in the analysis, and 55 infants were lost of follow-up at 2 y. Data from 245 children born at .37 wk of gestational age were analyzed for the current study.
Maternal and infant characteristics
Relevant maternal and children characteristics are presented in Table 1 . In a univariate analysis, mothers of term-born children had a higher education level than did mothers of preterm-born children (P = 0.001). The birth-weight z-score distribution was significantly different between the 2 cohorts (P = 0.001). However, the proportion of infants with a birth-weight z score less than 21 was similar in both cohorts. Preterm infants were less likely than term infants to receive any breast milk at discharge (P = 0.001). At 24 mo of age, preterm-born children had reached lower heights (P = 0.001), weights (P = 0.005), and BMI (P = 0.001) than had term-born children.
Children's eating behaviors at 2 y
The mean age at assessment was not significantly different for the 2 groups (24.1 6 0.7 and 24.2 6 2.6 mo of corrected age) for term-born and preterm-born groups, respectively (P = 0.51). Preterm-born children showed a lower drive-to-eat (P = 0.001) and a tendency for lower food-repertoire (P = 0.05) scores than did term-born children, which provided evidence of more-difficult eating behaviors in preterm-born children ( Table 2) . Pretermborn children had less appetite and less enjoyment of food than did term-born children. Pickiness (P = 0.06) and food neophobia (P = 0.10) tended to be higher in preterm-born than term-born children.
The drive-to-eat score increased significantly as the birth weight z score decreased in the preterm cohort and tended to increase in the term cohort (Figure 1) . In addition, in pretermborn children, we did not observe any significant difference between children with optimal (n = 194) and nonoptimal (n = 19) neurodevelopment at 2 y of age regarding the drive-to-eat score (5.10 6 1.5 compared with 4.79 6 1.8, respectively; P = 0.41) or food-variety score (4.40 6 1.6 compared with 4.07 6 1.7, respectively; P = 0.40).
Frequencies of consumption and preference analyses showed that preterm-born children ate milk products and potatoes more frequently (P = 0.001) and consumed less fruit, cereals, and prepared dishes (P = 0.001) than did term-born children. The variety of items consumed for a given food group was lower for preterm-born children in nearly all food groups [ie, fruits, vegetables, cereals, prepared dishes, cheese, and sweets (P = 0.001] compared with in term-born children with the exception of milk products. Preterm-born children expressed lower preferences for cheese, prepared dishes, fish, meat, and deli meats (sausage, FIGURE 2 . Infant diet at 2 y of age. Frequencies of consumption, food variety, and preference of food groups are shown. Differences were measured by using ANOVA between term (n = 245) and preterm (n = 234) children. Only P values ,0.0045 are indicated.
ham, and eggs), cereals, and fruit than did term-born children (P = 0.001) (Figure 2 ).
Multivariate analyses
The first model that analyzed a low drive to eat ( Table 3) included 7 independent variables (maternal age, maternal BMI, maternal education level, breastfeeding, birth-weight z score, gestational age, and sex) and showed that female sex (aOR: 1.76; 95% CI: 1.08, 2.88; P = 0.025) and a birth-weight z score less than 21 (aOR: 2.88; 95% CI: 1.47, 5.67; P = 0.002) were associated with eating difficulties (fifth quintile for the driveto-eat dimension) after adjustment, whereas female sex was not significantly associated before adjustment. In contrast, a very low gestational age (,30 wk) was significantly associated with eating difficulties before adjustment but not after adjustment.
The second model for a low food repertoire (Table 4) , which included the same 7 independent variables, showed that a maternal level of education beyond high school was associated with lower risk of a poor food repertoire at 2 y of age (aOR: 0.54; 95% CI: 0.32, 0.90; P = 0.02). Neonatal characteristics were not associated with higher risk of a poor food repertoire at 2 y of age without or with adjustment.
DISCUSSION
The current study showed that, at 24 mo of corrected age, preterm-born children had more eating difficulties and achieve a poorer postnatal growth than did children born at full term. The association between the term of birth and eating behavior at age 2 y was observed before adjustment for confounding variables. However, after adjustment for maternal age, BMI, education level, breastfeeding, birth weight z score, and sex, the association of gestational age with an impaired eating behavior at 2 y of age was no longer significant. In addition, the current study identified intrauterine growth less than 21 z score as a key determinant of subsequent risk of eating difficulties (a lower drive to eat) regardless of the term.
The main limitation of this pilot study was its observational nature, which could only reveal associations but not prove causality. Moreover, we compared 2 different cohorts with significant differences in sociodemographic characteristics intrinsic to these 2 populations. This may have been a confounding factor and could have amplified the observed difference between preterm and term infants, but even if this bias existed, it could not account for the main finding that a significant association between slow intrauterine growth (less than 21 z score) and risk of eating difficulties at 2 y of age. Our study had several strengths. First, we believe our study drew its strength from the analysis of children from 2 very different cohorts; despite these differences, we showed that gestational age was no more a determinant of eating behaviors after adjustment for confounding variables. Another strength of our study was the assessment of eating behaviors by using a recently validated questionnaire that was specifically designed for children in this age range (7) . Intrauterine growth that led to a birth-weight z score less than21 was the most significant contributor to the characteristic of a low drive-to-eat at 2 y regardless of gestational age. This finding suggests that eating difficulties are more likely to occur in infants with conventionally defined intrauterine growth restriction and infants whose growth was in the low normal range as well. Such infants, although defined as appropriate for gestational age, nevertheless differed from those with optimal intrauterine growth. This result could be accounted for by the fact that fetal brain development and, particularly, volume and neuronal density of hypothalamic centers can be affected by very early nutritional determinants. For instance, in animal models, maternal undernutrition or low protein intake alters the brain response to anorexigenic and orexigenic peptides in offspring (8) . Eating behaviors might be affected by such a mechanism, even with a marginal restriction of maternal-fetal nutrient delivery. A previous study showed that birth weight was positively associated with feeding maturation between 35 and 40 wk of postconceptual age in preterm infants (9) . Birth weight and gestational age may each have a separate influence on infant neurodevelopment (10) . We hypothesize that the development of the neuronal circuitry that controls eating behaviors could be exquisitely sensitive to minute alterations in the intrauterine growth rate. In the postnatal period, there is increasing evidence that the nutritional management of appropriate-for-gestational age compared with intrauterine growth-restricted infants should be different, considering the effect of intrauterine growth restriction on metabolic homeostasis. For instance, research is still ongoing to determine how much protein is needed to achieve appropriate neonatal growth rates and, at the same time, avoid the potentially harmful metabolic effects of high protein feeding (11, 12) . Previous studies showed that lower birth-weight-forgestational age was associated with worse behavioral problems including conduct problems, hyperactivity, emotional symptoms, and peer problems (13) . In a Brazilian study conducted in 262 infants at 6 and 12 mo of age, infants with low birth weight were more vulnerable to effects of the environment than were normal birth-weight infants (14) . To the best of our knowledge, the current study is first to show that, even in full-term infants, a slow intrauterine growth was associated with feeding difficulties at 2 y of age. Preterm children were smaller at 2 y of age. Many factors other than eating behaviors can affect postnatal growth (ie, extrauterine growth restriction commonly occurs during the first few weeks of life in the Neonatal Intensive Care Unit). In terms of eating difficulties at 2 y of age, several hypotheses are equally plausible as follows: preterm babies were smaller because of their feeding difficulties in earlier life; alternatively, poor growth per se may have affected eating behaviors, even though the mechanisms involved remain unknown; or finally, mothers may have felt their children were having feeding difficulties because they were smaller at 2 y or just because they were born preterm. However, after adjustment for the confusing factors, the role of gestational age was no longer significant. A challenging task would be to design interventions aimed at these risk factors, particularly maternal factors, involving, eg, reinforcing support or advice to mothers of preterm-born infants. Preterm-born children are known to achieve a lower weight, height, and BMI than are termborn children at 2 y of age, and early alterations in the BMI trajectory have attracted attention because an earlier age of adiposity rebound is associated with higher risk of becoming overweight (15) . Therefore, the long-term metabolic outcome of children born preterm should be studied to determine whether early feeding difficulties are predictive of overweight and metabolic diseases in childhood and adulthood.
The role of sex was significant in this cohort study. Sex-specific effects have already been described in preterm infants but, most of the time, to the detriment of boys. For instance, we recently observed a sex difference in the response of body composition to early nutrition in preterm infants (16) . Moreover, the role of sex in human eating has been previously documented in obese adults; a recent study (17) showed that obese women had greater neural activation in regions associated with cognition and emotionrelated brain regions than did obese men. Thus, a role of sex on eating behaviors at age 2 y is possible but must be confirmed in future studies.
The mother's level of education was associated with eating difficulties at 2 y of age, whereas maternal BMI was not. The mother's level of education was significantly associated with a low drive to eat before adjustment. However, the relation between maternal level of education, gestational age, and birth weight z score is complex. Thus, after adjustment for these confounding factors, the association was no longer significant. The stronger association was for the food-repertoire dimension. The questionnaire indicated objectively what the child consumed, and this was dependent on what the child was offered. A low diversity in the kind of food items offered by the mother to her child may have partly accounted for the association between a low maternal educational level and low food-variety score. In a recent Swedish study, parental characteristics (weight status and education) were related to risk of overweight in a sample of children from 7 to 9 y of age (18) . It is known that the quality of children's diet at 10 y is related to the maternal education level (19) . The findings of the current study suggest that food variety is probably set up early in life. This result adds to the body of evidence regarding the development of eating behaviors in termborn children (20) . Although very few studies have begun to focus on the putative interest of an early dietary intervention (21) , toddlers may be receptive to such interventions, particularly when the maternal level of education is lower than high school (22) .
In conclusion, in the current study, preterm-born children had more eating difficulties than did term-born children at 2 y of age, but after adjustment for confounding variables, gestational age was no longer significantly associated with an impaired eating behavior at age 2. A lower fetal growth appeared to be a major risk factor for the development of eating difficulties even in term infants.
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